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Nitrite reductases (NiR) are a widespread class of enzymes
which perform integral steps in the biochemical cycling of
nitrogen'—2 Three different porphyrinoid active sites have been
characterized in NiR: isobacteriochlorin in siroheme NiR,
dioxoisobacteriochlorin in the heme cMiR,2 and porphyrin
in hexaheme NiR. Both the siroheme and hexaheme enzymes I T I I
catalyze the multi-electron, proton coupled reduction of,NO 0.2 -01 04 07 .10
to NHs*, eq 1. The heme gdNiR participate in multienzyme V vs SCE

denitrification processes which result in products including the
Figure 1. Cyclic voltammograms in deareated pH 7.4 buffer (50 mM

N—N coupled gases fD and N, eq 24 All known NiR have >

siroheme in the assimilatory NiR) which serve to funnel film with 3 mM NaNG;, (c) and the ddab film electrode with 3 mM
electrons into the active site. NaNG,.

-1.3

biomimetic reduction of nitrite, yielding products characteristic

NO,” + 6e + 8H" — NH," + 2H,0 1
2 4 2 (1) of both enzymatic reactivities.
CS! Typical cyclic voltammograms of Mb/ddab cast on PG
NO, ——=NO+N,O+N,+ ... () display two reduction couples in pH 7 buffered solutions, Figure

1al213 The first, R/Oy, E> at —221 mV vs SCE, is assigned

Electrochemical nitrite reduction has been demonstrated for to the F&/' couple of Mb? the second couple,fO, at —1093
water-soluble Fe-porphyrinand other transition metal com-  mv, is tentatively assigned to Ie% The presence of nitrite
plexes? Similar unmediated electrocatalysis by proteins is in the bulk solution (Figure 1b) dramatically changes the current
difficult to characterize because of their generally poor voltam- response of the electrode; thd'®ecouple (R/Os at—235 mV)
metric responsé? Nassar and Rusling have shown the shifts to lower potentials indicative of nitrite binding at the
electrochemical response of the single-heme protein myoglobinredox-active Fe site. In addition, two new catalytic waves are
(Mb) is greatly enhanced in surfactant filhs? Layered films present, labeled R(—895 mV) and R (—1205 mV), which
of surfactants such as dimethyldidodecylammonium bromide are not seen in the absence of Mb in the ddab films (Figure
(ddab) on pyrolytic graphite (PG) adsorb Mb from solution, and 1c). The increased current flow indicates multiple electrons
spectroscopic analysis of Mb/ddab films on transparent supportspassed per Mb, i.e., catalytic turnover. Increasing the nitrite
confirms the native protein structure is maintained in this unique concentration results in a rise in the catalytic current up to a

environment! Such Mb/ddab films formed on PG electrodes
yield electrochemistry assignable to Mbide infra) when
immersed in agueous solutidn! We herein report that these
electroactive Mb/ddab films act as efficient catalysts for the
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limiting value; such saturation behavior is characteristic of
enzyme catalysi&' Analysis of current at Rvs substrate
concentration yields a Michaelis constafit,, of 2.3 mM, close
to theKy of 3.3 mM found for nitrite binding to ferric Mb in
solution?®

The pH dependence of the catalysis is shown in Figure 2a.
At pH 5.1, under gquasi-steady-state conditions (20 mV/s), the
peak current ratios are ca. 20 fog Bnd ca. 220 for Rvs the
noncatalytic F&" reduction peak, R As the pH is raised to
9, the catalytic peaks (Rand R) shift to more negative
potentials and the currents decrease as expected for proton-
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Figure 2. pH dependence of catalytic waves &d R. (A) Linear
sweep voltamograms (100 mV/s) of Mb/ddab/PG electrodes in 10 mM
NaNG; at varying pH solutions: (a) 5.1, (b) 6.0, (c) 6.8, (d) 7.8, and
(e) 9.0. (B) Peak current ratio dependence on [@H= in(Ra)/ip(Ry);

A = iy(Rs)/ip(Ry).

coupled processes. At pH9 there is no current above that
expected for Mb reduction, R The effect of pH on the two
catalytic waves is distinct. The potential of Ras a smaller

pH dependence than that ofy R-20 mV vs—45 mV per pH
unit) and its current a larger pH dependence, shown in Figure
2 inset, indicating the second catalytic wave encompasses
multielectron, multiproton process.

To identify the products of the catalysis, bulk electrolysis of
nitrite solutions at pH 5.5 was performed at the®tential”
Analysis of the electrolysis solution aft2 h showed 25% Nt
and 17% NHOH' are produced from the nitrite consum¥d.
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Figure 3. Mass chromatograms afVz 46 = [**N,O]*, m/z 31 =
[**NO]*, andmVz 30 = [**N,]* from continuously sampled headgas
over bulk electrolysis of a 14 mM N&NO, solution, pH 5.5, using the
Mb/ddab/PG electrode at1.2 V SCE.

active sites. Gas analysis at varied electrolysis potentials shows
that!®N,O production commences at the €atalytic wave; thus

the characteristic denitrification reaction occurs upon reduction
of the ferrous-Mb nitrite complex in this systeth.

Several sequential reduction pathways have been proposed
for nitrite reduction to ammonia by the assimilatory NiR
enzymes$P2223 | jkewise, the mechanism and nature of the
precursor to N-N coupled products in the dissimilatory enzymes
have been much debatgé® We are now pursuing mechanistic
studies with the Mb/ddab/PG catalyst, a system in which both
enzymatic reactivities are achieved under conditions where
potential and current flow data can be matched to product
formation within an isolated protein site.
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more than 60% of the nitrite consumed during electrolysis. To

Supporting Information Available: Plots of current vs scan rate

test for gaseous products, the headgas over bulk electrolysisir the R/O; couple, a determination of the heterogeneous rate constant,

experiments using®N-labeled nitrite was continuously moni-
tored by mass spectrometry, Figuré®3 A strong signal of
[15NO]* (mVz 46) ions was seen after 5 min and abundances
for [15N,]* (m/z 30) and [PNO]™ (m/z 31) in excess of that
expected fromPN,O]* fragmentation were seef. While the
normalized time trace for'fNO]* follows that of [5N,O]",

the envelope for'fN,] ™ suggests its formation at an independent
rate. Previous reports of the formation ofand N in model
systems invoked a bimolecular coupling of Fe nitrosyl or nitrido
complexesP?dsuch coupling is unlikely to occur at isolated Mb
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